The optimum mesh of grind was found to be 65% passing 75 µm using release analysis and the conclusions were drawn on the basis of flotation kinetics. 
INTRODUCTION
Froth flotation, as practised today had its industrial beginnings over 80 years ago in Australia. The first froth flotation plant in the United States began in 1911 at the Timber Butte in Basin, Montana, to treat slimes for sphalerite recovery [1] .
The importance of the froth flotation process to the economy of the whole industrial world is considered to be enormous. Without the development of flotation many familiar metals and inorganic raw materials would be exceedingly scarce and costly, because the high grade ores, which could be processed by simple physical and mechanical methods have long since been depleted [2] .
Flotation has permitted the mining of low grade and complex ores which would have been worthless if it had been necessary to rely on the time honoured method of gravity concentration.
During the past decade or two, the mineral industry has had to operate under a variety of constraints among which includes:
(a) higher energy costs due mainly to costs of fuel (b) a general decrease in ore grades often combined with increased complexity of mineralogy (c) ever increasing environmental constraints which usually increase costs These and other economic pressures have pressed the mineral industry to seek more efficient and highly productive means of processing minerals.
As is well known to all mineral processing Scientists and Engineers, flotation involves the capture of small mineral particles by bubbles in a slurry, followed by their levitation to the surface of the slurry, where they are collected in a froth.
Finely crushed ore is agitated in water with the addition of air or other gases. Various chemicals are added to cause the selected mineral particles hydrophobic and eventually attach themselves to the air or gas bubble which carry these mineral particles in a froth [3] .
It is a well known fact that sulphide ore minerals are among the most suitable minerals for enrichment through flotation, due to their excellent flotation properties. The inability of sulphide minerals to form hydrogen bonds is considered to be the principal reason why they, unlike the oxygen containing minerals are not strongly hydrophilic. The fact that most of them are either conductors or semi-conductors, they tend to under go electrochemical reactions with Thiol collectors leading to their hydrophobicity [4] .
Unlike sulphide minerals, which are naturally hydrophobic, oxide minerals are inherently hydrophilic and as a practice, the surfaces of oxides require modification with sodium sulphide or sodium hydrosulphide through the surface adsorption of sulphide ions on them. The sulphide ions form a pseudo-sulphide mineral surface and with the adorption of a suitable collector on such a mineral surface, flotation may occur [5] .
One laboratory method based on flotation kinetics that can be used to establish the Optimum mesh of grind is release analysis. It is based on the understanding that when an ore is at its optimum size, it gives the best response to flotation as most of the mineral grains are fully liberated. Attainment of this condition is indicated principally by the flotation rate attaining a maximum. Two stages of this laboratory test work can be distinguished [6] .
(a) Separation of floatables from non-floatables is the stage where floatable material is separated from nonfloatables until the froth has become barren. The floatables are floated as many times as is necessary, adding boaster collector at various stages if necessary. This is followed by a cleaning stage to remove entrained gangue [7] . (b) Fractionation of floatables which involves partitioning of the floatable into fractions according to their kinetics [7] .
This work was carried out to address the increasing low grades and recoveries for the sometime at Baluba Concentrator at RAMCO suspected to be due to the non optimal liberation of minerals and the addition of different reagents.
EXPERIMENTAL METHOD
About 200kg of feed to the Baluba flotation circuit was collected by using the sampling all the stream part of the time method [8] . This was achieved by passing a rectangular scoop with a log handle across the belt feed to the ball mill for a period of 10 hours. The ore was dried overnight in the oven and then crushed to 100% passing -2mm sieve aperture in a laboratory cone crusher. After thoroughly, mixing the sample was split by conning and quartering and subsequently in a riffle splitter to ensure good blending. Samples were then packed in plastic containers in order to prevent oxidation. A small random sub-sample was taken to the laboratory for chemical analysis and another was sent for mineralogical analysis.
The following equipment and materials were used in this testwork:
(a) a laboratory cone crusher with a set of minus 2mm (b) a laboratory tumbling mill with grinding media of 12 rods and dimensions 20mm diameter, 290mm length. (c) a set of laboratory sieve complete with a rotap sieve shaker (d) a 2.5 litre Wemco lab. Fay flotation machine with adjustable rotor speed (e) an electronic balance (f) a riffle splitter, a cubic rotary mixer and a stop watch.
The reagents used on this circuit are shown in the table below: 
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To determine the grinding time, seven, 1kg samples were ground at 4, 7, 8, 9, 10, 11 and 12 minutes, in duplicate using a laboratory rod mill to determine which time gives a grind of 65% solids passing 75 µm sieve aperture which is the standard for the Baluba East Flotation Circuit. Dry and wet sieve analysis was then carried out after grinding to determine the percent solids passing 75 µm.
Release analysis was done in the following procedure:
The rod mill was charged with 600ml of water (standard volume for the mill), 1kg of the ore, the grinding media and the collector, sodium isopropyl xanthate (SIPX) at the plant optimised dosage of 130g/t and then ground for 4 minutes.
After grinding the pulp was transferred into a flotation cell and the level made up to 2.5 litres. Three drops of the frother, D14 was added (an excess of frother should be avoided as this causes entrainment of gangue) and two minutes conditioning time allowed before turning the air tap open. The mineralised sulphide froth was then carefully skimmed until the froth became completely barren. Oxide bearing minerals were then recovered by the addition of modifier, sodium hydrosulphide (NaHS) at a dosage of 200g/t and a conditioning period of one minute allowed. The air tap was then opened and the mineralised froth was barren.
The froth was then refloated as many times as necessary and more boaster collector added if necessary to obtain a tailing with a negligible quantity of solids. This flotation procedure was repeated until another sulphide -oxide concentrate mixture was obtained. The two concentrates were then mixed and the resulting composite concentrate after a cleaning stage, partitioned in 0.5,1.5,3.5,6.5 and greater than 6.5 floating fractions.
The concentrate fractions obtained were then dried in an oven and eventually sent for copper assay. The same procedure was employed for mill residence times of 7, 8, 9, 10, 11 and 12 minutes.
DISCUSSION OF RESULTS
The results of the chemical analysis for the sample done by Analytical Services are shown below: %TCu %ASCu %TCo 2.16 0.164 0.64
The mineralogical analysis of the sample was done in order to:
(a) identify the various valuable and gangue mineral species occur, (b) establish the proportions in which these mineral species occur, (c) obtain quantitative information on the liberation characteristics of the valuable minerals.
The table below shows the relative abundance of the constituent minerals of the Baluba East flotation circuit feed. From the diagram above, it is apparent that the optimum mesh of grind the ore was 65% solids passing 75 m ( i.e 9 minutes grinding since it gave both the highest grades and recoveries.
Optimisation of Collector and Modifier
Using the apparatus mentioned earlier and after grinding for 9 minutes i.e. to the optimum mesh of grind size 65% solids passing 75 um, another flotation testwork was done, this time to determine the optimum combination of reagents at which improved grades and acceptable recoveries are attained. The standard laboratory flowsheet used is shown in figure 3 . The collector and modifier dosage levels were the parameters of interest and the levels of combinations are shown in the table 2 below. These floats were done in duplicate and therefore the total number of combinations was:
( 4 * 4* 1) *2 = 32 floats
pH OPTIMISATION
Although the importance of pH in floatation systems has been extensively reviewed, the pH optimisation in this test work was deemed not to be critical to the plant operations at the time of the testwork.
REAGENT OPIMISATION USING THE FACTORIAL DESIGN APPROACH
The most common practice in experiments involving the determination of optimum conditions for most metallurgical processes in which several factors have an influence on the final results of a process operation is the one-variableat a-time approach. In this method, only the process variable is manipulated at each time and the rest are "held constant".
It has however been argued extensively that such analysis of results are prone to drawing of wrong conclusions. This is because when one process variable is changed, many other variables will change at the same time so that the effect of the manipulated variable alone is overshadowed [9] . These investigation processes usually involving a larger number of parameters and are often laborious and tedious, leading to an extensive experimental program that yields results which are not easy interpreted. Determination of the optimum mesh of grind or degree of liberation of the ore was done using release analysis and the results obtained are shown in the figure 2 below.
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It would therefore, be very helpful if it were possible to determine in a swift manner which of the parameters are mainly in determining which of the parameters warrant further study and which of these are of relatively little importance.
The factorial design of experiments in conjuction with the Analysis of Variance (ANOVA) statistical method were used in the optimisation of reagent dosages and analysis of results. The factorial design of experiments is a technique of a priori experimental programme design; where parameters are changed simultaneously but in a coherent manner, and this offers the advantage of obtaining quantitative information not only about the effect of the main variables of the process, but also of their mutual interactions [2] 
THE ANALYSIS OF VARIANCE -ANOVA
The ANOVA is a method for splitting the total variation of our data into meaningful components that measure difference sources of variation.
The analysis of variance was the basis for the conclusions which were drawn from the results. The F -test was employed and its underlying principle when adapted to this situation may be explained as follows:
During flotation, if a change in the output variable (say the recovery) associated with a particular treatment e.g. collection at different levels, are due to the effect of that treatment alone and not as a result of experimental error.
In this test work, the treatment was either an increase or a decrease in the dosages of the reagents used and the statistic F was therefore defined as: We now proceed with the calculations as follows:
(a) The sum of squares due to the collection 
SS
Mean square due to collection treatment, i.e due to the effect of the collector: 
The sum of squares due to the interaction of the collector and the conditioner: From the above table it is clear that we accept the hypothesis since the F-calculated for all treatment types is less than F -tables at 95% confidence level. We therefore conclude that the changes in the output variables (recoveries) are due to the effect of the different levels collector and conditioner dosages and at the same time due to the mutual interaction of the two treatments.
This shows that any does rate from 90g/t to 130g/t could be the optimum level provided it gives economical levels of recovery and best grade as compared to the plant targets of above 78%TCu recovery and 26.72%TCu grade.
Since it is very cumbersome and unnecessary to investigate all the sixteen treatment combinations, which are actually in duplicate, it is advisable to proceed with a few probable results which give good grades recoveries, and proceed with a detailed investigation of these only to find the optimum level. The probable results chosen are the ones that gave the highest recoveries and it is among these that the optimum must lie i.e. the optimum reagent dose rate must lie in the region where both the recovery and the grade of the concentrate are highest.
The results of the four most probable combinations of reagents are shown in figure 3 which reviews that 120g/t SIPX with 100g/t NaHS gives the optimum results. (ii) Continuos variations in the pulp density from the beginning to the end of flotation as solids were continuously being removed with the froth and water added to maintain the cell pulp level. This resulted in a change in concentration of all the reagents and pH levels in the pulp.
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CONCLUSIONS.
By release analysis, it was established that the optimum mesh of grind for the ore was 65% solids passing 75 µm (i.e. 9 minutes grinding time). 9 minutes grinding time gave both the highest weight % floated and highest recoveries indicating that the degree of liberation or the state of release of the ore is highest at this time.
Furthermore, it was established that the best reagent combination which gave recoveries higher than 78%TCu was 120g/t SIPX, Collector and 100g/t Conditioner, NaHS. The optimum plant dosages were 130g/t collector and 200g/ t conditioner at the time of conducting the testwork. The new levels of combinations established introduces an approximate 10% reduction in the collector dosages a 50% reduction in the conditioner, and this indicates a significant reduction on the costs of the reagents.
The grade obtained at this level (26.10%Tcu) also indicates an improvement and with the addition or inclusion of a cleaning stage in the plant, the grades obtainable will be very close to the acceptable market standards. 
